T1-tetramerisation domain of the Kv1.2 potassium channel. We demonstrate that expression of the NaChBac channel returns to near wild-type expression levels. In addition, the channel retains a tetrameric form following purification. We describe the effects of the potassium channel T1 domain on thermal stability and ligand-binding of the NaChBac channel. The recovery of NaChBac expression through expression of an alternative tetramerisation domain is consistent with similar studies on potassium channels and suggests that it is the presence rather than the nature of the tetramerisation domain that is key to channel assembly.
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2290-Pos Board B276
DIII -DIV Linker Charge Mutations Differentially Affect Open and Closed State Fast Inactivation in Nav1.4 James R. Groome, Prajwal Wagley. Fast inactivation in sodium channels occurs with channel opening, or in response to depolarization that does not open channels. Inactivation is dependent on the binding of an IFMT motif located in the DIII-DIV linker, flanked by a number of positively charged amino acid residues. We investigated the role of two loci of positive charge on the N terminal side of the IFMT motif, and three loci of charge on the C terminal side. To do this we compared the effects of charge reversing and charge substituting mutations in skeletal muscle sodium channel hNaV1.4. Inactivation from the closed state was prolonged by mutations on the N terminal side, but accelerated by mutations on the C terminal side of the inactivation particle. Open-state fast inactivation was typically prolonged with mutation. Our results suggest that these residues play an important role in the inactivation of sodium channels, and that both charge and structure contribute to these roles. This work was supported by NSF RUI 0235358 to JRG and NIH P20RR16454 to ISU from the INBRE program of the National Center for Research Resources. The neurons integrate signals from numerous synaptic inputs and produce sequential action potentials as digital codes to carry various messages of controlling well-organized behaviors and cognition. In terms of the source for their initiation, short-time depolarization pulses evoke a single spike at axon hillock. However, action potentials at the neurons in vivo are induced by long-time depolarization. The source for long-duration signals to induce digital spikes needs to be addressed, which we studied at pyramidal neurons in layer 4 of cortical slices by dual-recording on the soma and axonal bleb of identical neurons. In intracellular recording in vivo, the duration of membrane depolarization falls into a range of 60~1600 ms. These depolarization pulses were injected into the soma and axon of identical cortical pyramidal neurons to induce spikes. Theoretically, the primary location for spikes' encoding should have more efficient input-output and the highest ability to fire sequential spikes. In wholecell recording, these physiological signals induce somatic spikes with efficient input-output, the highest spiking ability, lower thresholds and shorter refractory periods, compared with axonal ones. In single-channel recording, voltage-gated sodium channels (VGSC) during a pre-depolarization, which mimics long-time signals, show less inactivation and easier reactivation at the soma than axon. Less inactivated and easily reactivated somatic VGSCs in Neuron model simulate a somatic source of sequential spikes. Based on our data from experiments to theoretical modeling and computational simulation back to experiments, we conclude that physiological inputs primarily trigger the soma to encode neuronal digital signals.
2292-Pos Board B278
A Single Channel Description of an Inactivation Deficient Sodium Channel Mutant Marcel P. Goldschen-Ohm, Baron Chanda. A characteristic of many voltage-gated ion channels including sodium and potassium channels is that macroscopic currents elicited with a voltage step subsequently decline, or inactivate. Because entry into inactivated states tends to limit the activity of single sodium channels to a small number of openings, identifying the statistical properties of other less stable gating processes can be difficult. Here, we examined the single channel characteristics of a mutant skeletal muscle sodium channel (rat Nav1.4 L435W/L437C/A438W) that exhibits very little macroscopic inactivation (Wang et al., 2003) in response to voltage steps to À60 and À40 mV. Although open dwell time distributions could be more or less described by a single exponential component, both deviations from the single exponential fit and time constants from bi-exponential fits were consistent across patches, suggesting the existence of two open states with time constants of approximately 0.5-1 ms and 2-4 ms. Bursts of openings separated by closures of less than 2 ms were observed frequently, with the number of bursts in a given sweep increasing at more depolarized voltages. The number of opening within each burst was also voltage dependent, increasing from about 3 to 5 openings at À60 and À40 mV, respectively. These data will be presented with a preliminary kinetic description of sodium channel activity in the absence of inactivation. This work was funded by NIH grant GM084140.
2293-Pos Board B279
Mapping Residues that Influence Fast Inactivation Within Ca-Sensing Domains in the Nav1.5 C-Terminus Svetlana Z. Stepanovic, Franck Potet, Benjamin Chagot, Walter Chazin, Sabina Kupershmidt. Dysfunction of the cardiac sodium channel (Na V 1.5, SCN5A) can result in arrhythmias. We previously identified a complex ' [Ca 2þ ] i sensing apparatus' within the C-terminal domain (CTD) and have linked structural changes occurring in response to [Ca 2þ ] i and calmodulin (CaM) binding within this apparatus to changes in the voltage-dependence of Nav1.5 steady-state inactivation. [Ca 2þ ] i -dependent modulation of inactivation involves: (i) an EF-hand domain in the C-terminus (CTD-EF) that directly binds Ca 2þ ions and (ii) an IQ motif (CTD-IQ) located just downstream. The CTD-IQ recruits CaM to Na V 1.5 and regulates the Ca 2þ affinity of the CTD-EF. Here, we identify structural features required for CTD-EF/CTD-IQ interaction and explore their impact on Nav1.5 by measuring effects on steady-state inactivation. Using solution NMR, we identified three residues in CTD-EF, F1791, L1786, and L1862 as likely points of interaction with CTD-IQ. We mutated each of these to alanines (A). Nav1.5-F1791A shows the same voltage-dependence of inactivation as WT. However, the V 1/2 of inactivation of Nav1.5-L1786A and -L1862 was hyperpolarized by À17 mV and À16 mV, respectively. In yeast-two-hybrid (Y2H) quantitative b-galactosidase assays of WT CTD-IQ and mutated CTD-EF domains, we found that CTD-IQ interacts only weakly with CTD-EF-WT or CTD-EF-L1862A. In contrast, CTD-IQ interacts strongly with CTD-EF-L1786A and -F1791A (5 and 6-fold enhancement, respectively). The lack of correlation between the interacting pairs and the observed shifts in V 1/2 suggests that the CTD-EF/CTD-IQ interaction is not the key determinant of steady-state inactivation in this paradigm. When we assessed interaction of CaM with either Nav1.5 CTD-WT (contains both EF and IQ) or CTD-L1786A, we found reduced interactions between CTD-L1786A and CAM compared to WT. This suggests that interaction between CaM and CTD-IQ may determine the shift in V 1/2 of inactivation.
2294-Pos Board B280
C121W Implicated in GEFSþ is a Thermosensitive Sodium Channel Mutation Csilla Egri, Yuriy Y. Vilin, Peter C. Ruben. Genetic epilepsy with febrile seizures plus (GEFSþ) is a multifaceted pediatric epilepsy syndrome of which febrile seizures (FS) are one of the most common symptoms. A cysteine to tryptophan substitution at position 121 (C121W) in b 1 subunit of Na V is one of the many mutations related to GEFSþ. The underlying mechanism of this disorder is currently unknown, but it has been proposed that b C121W causes the FS phenotype by altering the temperature sensitivity of Na V . To uncover the biophysical mechanisms of temperature dependent changes, we performed whole cell voltage clamp experiments at 22 and 34 C on CHO cells stably expressing the a subunit of neuronal isoform Na V 1.2, transiently transfected with either wild type or mutant b 1 . Our results suggest that the b C121W mutant alters the gating of Na V 1.2 compared to wild type b 1 , and that increased temperature exaggerates these disparities. Specifically, we focused on temperature-and mutation-induced changes to steady state slow inactivation (SSI). This type of inactivation determines the proportion of channels available to open after extended (over 1 min) or repetitive membrane depolarizations, and thus has a profound impact on cellular and tissue excitability. At 22 , we saw no apparent differences in V 1/2 of SSI between wild type and mutant channels. Increased temperature, however, unmasked a depolarizing shift in V 1/2 of SSI for aþb C121W in comparison to aþb 1 . A depolarizing shift in SSI is proexcitatory, and we predict that the differential response to temperature between wild type and mutant subunits contributes to neuronal destabilization and epileptogenisis during febrile states. 
